SerumGamma-Glutamyl Transpeptidase Activityas an
Indicatorof Diseaseof Liver, Pancreas,or Bone Gifford Lum and S. Raymond Gambino Serum 'y.glutamyl tra nspeptidase (GGT), leucine aminopeptidase, alkaline phosphatase, alanine aminotransferase,and aspartateaminotransferase activities were assayed in controls and in patients with liver, pancreatic, or bone disease. GGT activity was above normal in all forms of liver disease studied (viral hepatitis, cirrhosis, cholecystitis, metastatic carcinoma to liver, pancreatic carcinoma, liver granuloma, and acute pancrea. titis).
GGT more sensitively indicated hepatic disease than did alkaline phosphatase, much mpre so than did leucine aminopeptidase. GGT was disproportionately more active in relation to the transaminases in cases of intra-or extrahepatic biliary obstruction; the reverse was true in cases of viral hepatitis. GGT activity was normal in children, adolescents, and pregnant women, and in cases of bone disease and renal failure. Kinetic measurement of GGT activity offers a simple, sensitive, and direct means for distinguishing whether bone or liver is the source of increased serum alkaline phosphatase activity. Activity was highest in obstructive liver disease. is and GGT do not suffer from the drawbacks of ALP because LAS and GGT appear to be more nearly specific for hepatobiliary disease. In addition, LAS and GGT activity parallels that of ALP in hepatobiliary disease. We also studied ASP and ALT in an attempt to find patterns of increased enzyme activity that would aid in the differential diagnosis of hepatic disease.
Additional Keyphrases

Materials and Methods
The (12) . GGT, LAS, and AAT were assayed within 48-60 h after the serum sample was collected, and ALP and AST within 24 h. All specimens were stored at 4#{176}C before assay if they were not assayed within 3 h of collection.
Results
GGT
activity
was measured in a total of 80 sera from hospital patients (half were women and half men) who were free of known liver, renal, or pancreatic disease. The mean for men was 13.6 ± 6.9 U/liter (range 2-39) and for women 10.9 ± 6.4 U/liter (range 2-36). No significant difference was found between the mean value of GGT activity between males and females. The mean activity of LAS in the same group was 10.4 ± 4.3 U/liter.
The upper limit of normal for GGT was set at 30 U/liter, for LAS 22 U/liter, for AST and ALT 50 U/liter, and for ALP 85 U/liter. We have summarized all of our data in Table 1 . In addition to the absolute activities of all five enzymes studied, we have also chosen to express our results (the mean change in enzyme activity)
as "times (X) upper limit of normal."
Hence an absolute value of 120 U/liter for GGT would be expressed as 4. 
Discussion
The data presented in Table 1 In the patients with congestive heart failure, increased ALP and GGT activities were secondary to hepatic damage.
The data in Table 1 show that if an increased ALP was of osseous origin, GGT activity was always normal-this was true of Paget's disease, hyperthyroidism (14), metastatic cancer to bone, and hyperparathyroidism.
In Table  1 we have not 
